In the present study, a total of 51 test cases have been conducted for various wave conditions and slope angles of breakwater to develop a stability formula for Rakuna-IV. To include the effect of bottom slope on armor stability, a foreshore slope of 1:25 is used. The stability number of the formula is derived separately for plunging and surging waves, and the greater of which is used. The transitional surf similarity parameter from plunging to surging waves is also presented. Lastly, to explain the stability of Rakuna-IV to the engineers who are familiar with the stability coefficient in the Hudson formula, the required weight of Rakuna-IV is calculated for varying significant wave height for typical plunging and surging wave conditions, which is then compared with those of the Hudson formula using several different stability coefficients.
INTRODUCTION
A rubble-mound breakwater is the most primitive but widely used breakwater. To protect rubble-mound from wave action from ocean, armor units are used. Recently, Nikken Kogaku Co., Ltd of Japan has developed a new armor unit called Rakuna-IV, the overall shape of which is similar to Tetrapod but which has angled legs and hollow pits to enhance interlocking among the units. (See Fig. 1 ).
Several experimental studies have been carried out to derive stability formulas for Rakuna-IV. Yasuda et al. (2008 Yasuda et al. ( , 2009 and Mase et al. (2011) carried out hydraulic model tests for Rakuna-IV's directly placed in front of a caisson to propose a stability formula in the similar form as the Hanzawa et al. 's (1996) stability formula. On the other hand, Vietnam Water Resources University (2011) conducted hydraulic model tests for rubble-mound breakwater with armoring Rakuna-IV to propose a stability formula. However, their formula has restrictions that it can only be used for the structure slope of 1:1.5 with surging wave conditions.
In this study, we perform a total of 51 hydraulic model tests for Rakuna-IV's armoring a rubble mound breakwater. And we develop a formula which can be used for various wave conditions and slope angles of the structures. In addition, to include the effect of bottom slope on armor stability, a foreshore slope of 1:25 is used. The stability formula is proposed for both plunging and surging waves. 
HYDRAULIC MODEL TESTS
Tests were carried out in the wave flume at the Hydraulic and Coastal Engineering Laboratory of Seoul National University. Fig. 2 shows the arrangement of the model breakwater and wave gauges. The flume was 36-m long, 1.0-m wide, and 1.2-m deep. It was equipped with a pistontype wave generator at one end, and a quarter-ellipse-shape wave absorber at the other. A horizontal bed with a 1/25 foreshore slope was installed at the elevation of 20 cm from the bottom of the flume, placed at a distance of 20 m from the wave maker. The test section was
